Abstract Aim: Our objective was to assess the global longitudinal peak systolic strain (GLPSS) by speckle tracking echocardiography (STE) in patients with STEMI in the first 24 h after primary percutaneous coronary intervention (PCI) and its correlation with LV infarction size and ejection fraction.
Introduction
Echocardiographic evaluation is the most used method for visual assessment of global and segmental myocardial function [1] . The visual assessment relies mainly on myocardial radial performance and is limited by high inter-and intra-observer variability. Furthermore, it provides a subjective evaluation of endocardial thickening and excursion [2] . Although tissue Doppler imaging was expected to overcome these limitations, its sensitivity to measure the longitudinal and radial deformation was limited because of the angle-dependency with inability to differentiate between active and passive myocardial motion [3] .
Speckle-tracking echocardiography (STE) is a new noninvasive imaging technique that quantitatively analyzes global and regional myocardial function. Its evaluation is based on tracking natural acoustic reflections and interference patterns within an ultrasound window [5] . The accuracy and clinical applications of STE with the ability to elaborate the myocardial deformation in longitudinal, radial, and circumferential directions are remarkable, as evidenced by a large number of published data [4] .
Automated function imaging (AFI) is a novel algorithm calculating the myocardial deformation from Ultrasound speckles used to measure myocardial strain. It tracks the percentage of wall lengthening and shortening which in turn helps to assess myocardial deformation based on grayscale images. It presents an objective, semi-automatic, and angle-independent analysis of longitudinal peak systolic strain (LS) based on speckle tracking and provides a single bull's-eye summary of the left ventricular (LV) segmental wall strain [4] .
As an index of myocardial infarct size (IS), left ventricular (LV) function is a key determinant of the prognosis serving to guide therapy after an acute STEMI. Traditionally LV function is assessed by the volume-fraction expelled during systole, i.e., left ventricular ejection fraction (LVEF), or alternatively by semiquantitative visual grading of LV wall dynamics, i.e., wall motion score index (WMSI). Both methods are subject to observer-and expert-dependences; therefore, in search of a less observer-dependent method, two-dimensional (2D) deformation imaging by speckle tracking has been proposed. Based on longitudinal deformation, speckle tracking offers a simple semi-automated measure of LV function, i.e., global longitudinal systolic strain (GLS).
The present study aimed to assess the global longitudinal peak systolic strain (GLPSS) by STE in patients with STEMI in the first 24 h after primary percutaneous coronary intervention (PCI). Additionally, we also attempted to find if there exists any correlation between GLPSS and LV infarction size and ejection fraction.
Methods
All patients received a written informed consent. The protocol was approved by local ethics committee.
The study population consisted of thirty patients who were admitted to the Critical Care Department, Cairo University, Kasr El-Aini Hospitals from April 2013 to March 2014.
Inclusion criteria
Patients, with STEMI with symptoms onset less than 12 h, who underwent successful primary PCI in first 24 h from hospital admission, were included. Diagnosis of acute myocardial infarction was made on the basis of typical ECG changes and/or ischemic chest pain associated with elevation of cardiac biomarkers. All patients underwent immediate coronary angiography and PCI.
Exclusion criteria
Patients with following conditions were excluded from the current study: preexisting cardiomyopathy, moderate and severe valvular heart disease, age younger than 18 years, morbid obesity, and bad echocardiographic windows.
The study was approved by the Regional Committee for Medical Research Ethics. Written informed consent was obtained from all patients.
Clinical investigation
On admission all patients were subjected to the following: (i) taking full history, (ii) full systemic examination for other associated medical or surgical problems, (iii) standard 12-lead ECG using three-channel direct writing recorder with a paper speed 25 mm/s and standardization adjusted to 1 mm/mv (ECG was done on admission and repeated every six hours in the first 24 h; thereafter, daily during the hospital course), (iv) laboratory investigation including estimation of cardiac enzymes (CK, CK -MB, and LDH) (on admission, post intervention six hourly in the first 24 h, and then once daily till normalization), troponine analysis, coagulation profile, kidney function tests, liver function tests, and serum electrolytes including serum sodium and potassium, (v) Echocardiography within 24 h after 1ry PCI (patients were imaged in the left lateral decubitus position using a commercially available system). [Philips iE33 X matrix system with X 5-1MH pure wave crystal probe at a depth of 16 cm in the parasternal (long-axis images) and apical (2, 3 and 4-chamber images) views was used; standard 2D images, triggered to the QRS complex, were saved in cineloop format.]
Assessment by 2dechocardiography
LV end-diastolic volume (LVEDV) and LV end-systolic volume (LVESV) were measured. We calculated LV ejection fraction (LVEF) as (LVEDV À LVESV)/LVEDV Â 100 using the modified Simpson's rule. LV end-diastolic diameter (LVEDD) and LV end-systolic diameter (LVESd) were measured from M mode. End systolic volume index (ESVI) was obtained by dividing ESV by body surface area; wall motion score index (WMSI) was also calculated. The LV was divided into 16 segments. We used a semi quantitative scoring system (normal: 1; hypokinesia: 2; akinesia: 3; dyskinesia: 4) for analyzing each study and calculated global WMSI using the standard formula: sum of the segment scores divided by the number of segments scored.
STE for estimating the global LV longitudinal strain and strain rate Global LV longitudinal strain was assessed using the automated function imaging (AFI) technique that provides a new imaging modality based on 2D longitudinal strain imaging; longitudinal strain (percentage) is defined as the physiologic change in length of the region of interest (ROI) from end-diastole to end-systole. During this period, strain in the longitudinal direction is negative because of the decrease in the length of the ROI.
Longitudinal strain was calculated using the following formula:
where L is the length of the region of interest. Assessment of global LV longitudinal strain mentioned by the software as GLPSS-Avg provides value representing the overall peak systolic longitudinal strain of all individual LV segments.
For this analysis, a set of three longitudinal 2D image planes (apical long-axis, 2-and 4-chamber views) was used. Aortic valve closure timing was marked (to determine the end of systole) in the selected views; three points were anchored inside the myocardial tissue, two placed at the basal segments along the mitral valve annulus, and one at the apex followed by automated tracing of endocardial and epicardial borders defining ROI. Manual readjustment of endocardial tracing of ROI was performed in order to achieve optimal alignment, when necessary. In segments with poor tracking, the observer readjusted the endocardial trace line until a better tracking score was achieved; if this was impossible, the segment was excluded.
The ROI outlining the entire left ventricular wall was divided into six segments. A computer algorithm calculated peak systolic strain values within each segment together with global peak systolic strain (GLPS) from each view and lastly overall averaged global peak systolic strain (aGLPS) of the AP4C, AP2C, and AP3C views were combined in a single bull's-eye summary, presenting the analysis for each segment along with the assessment of global strain value for the LV.
Three different strain parameters were also measured during one heart cycle by STE. Peak systolic strain was defined as the peak positive or peak negative strain value during systole. End systolic strain was defined as the magnitude of deformation at the time of aortic valve closure, and peak negative strain was the maximum negative strain value during systole or early diastole. Post-systolic shortening was calculated as the difference between deformation after aortic valve closure and end systolic strain. Strain measurement from 16 segments was averaged to assess a LV global longitudinal parameter based on peak systolic, end systolic, and peak negative strain.
Normal value for LV avg GLPSS assessed by speckle tracking technique is in the range of À18 to À22%.
Myocardial perfusion imaging (before hospital discharge)
Gated SPECT (Single Photon Emission Computed Tomography) imaging was performed using a two-detector Siemens e.cam gamma camera equipped with a low-energy, highresolution parallel-hole collimators. Sixty-four projections were acquired in a 64 Â 64 matrix over a 180°from the 45°r ight anterior oblique projection to the 45°left posterior oblique projection. Images were gated at eight frames per cardiac cycle. Processing was performed using a Butterworth filter with a cut-off frequency of 0.45 cycles/pixel and an order of 5.0. All patients underwent one-day rest imaging with administration of 25-30 mCi Tc99 m sestamibi (MIBI); SPECT imaging performed one hour after injection.
The tracer uptake was analyzed on computer-generated polar maps. In the perfusion analysis, the polar maps of each patient were compared on a pixel-by-pixel basis. Pixels with MIBI activity greater than 2.5 SDs below the corresponding normal mean values were considered abnormal. A perfusion defect was automatically expressed by the computer as the number of abnormal pixels divided by the total number of LV pixels Â 100. (Nonviable myocardial area was defined as that having MIBI uptake below 50% of the maximum). Rest myocardial segmental perfusion was scored on a semi quantitative five-point score scale of 0-4; where 0 = normal, 1 = equivocal, 2 = moderate, 3 = severe reduction of segment perfusion (radioisotope uptake), and 4 = totally absent perfusion with absence of radioisotope uptake.
Following are the different reference ranges for the infarct size measured by MPI ( 99 Tc-sestamibi SPECT) assessed as defect percentage: [5] (i) <10% ? small infarction, (ii) 10-15% ? moderate size infarction, (iii) >15% ? large infarction.
Statistical analysis
Data were statistically described in terms of mean ± standard deviation (±SD), and range, or frequencies (number of cases) and percentages when appropriate. Numerical values were compared using Student's t test for normal data and Mann Whitney test for non-normal data. Correlation between various variables was examined using Pearson moment correlation equation for linear relation in normally distributed variables and Spearman rank correlation equation for non-normal variables. P-values less than 0.05 were considered statistically significant.
We used receiver operator analysis (ROC) curves to identify the cut-off for optimal sensitivity and specificity to detect infarct size P30% of total LV mass. Area under the curve (AUC), negative predictive value, positive predictive value, and accuracy (overall fraction correct) are reported. The AUC is a measure of discriminating power and represents the probability of the model to assign a higher probability to a correct case than to an incorrect case for all possible pairs of cases.
All statistical calculations were performed using computer program SPSS (Statistical Package for the Social Science; SPSS Inc., Chicago, IL, USA) version 15 for Microsoft Windows (2006).
Results
We conducted this observational prospective study at the Critical Care Department, Faculty of Medicine, Cairo University between April 2013 and March 2014 on 30 patients with ST segment elevation myocardial infarction (STEMI) with symptoms onset less than 12 h after successful primary PCI on admission.
Demographics and cardiovascular risk factors
Mean age of our study population was 58 ± 8.01 years ranging from 38 to 68 years. There were 25 males (83.3%) and five females (16.7%) and mean body surface area (BSA) of the study population was 2.03 ± 0.17 m 2 , Table 1 shows the distribution of cardiovascular risk factors in the study population.
There were 18 patients (60%) with anterior wall myocardial infarction, six patients (20%) with inferior wall myocardial infarction, and six patients (20%) with infarctions in other sites (inferolateral and posterolateral MI); one patient had RV myocardial infarction. Various culprit lesions were found in our study population (LAD in 17 patients (56.7%), RCA in five patients (16.7%), LCX in six patients (20%), and OM in two patients (6.7%)). Fifty percent patients had associated lesions in addition to the culprit vessel, 10 patients had one associated lesion (33.3%), and four patients had two associated lesions (13.3%); only one patient had three associated lesions in addition to the culprit lesion. Table 2 presents the echocardiographic data. We found that mean myocardial infarction size by MPI in all study population was 32.27 ± 12.81%. Table 3 shows global and segmental peak systolic longitudinal strain and MI size by MPI in the study population and Figs. 1a-g shows an example of one of our study population (patient No: 5).
Correlation of myocardial infarction size by MPI with demographics, cardiovascular risk factors and echocardiographic data of the study population No statistically significant difference was found in MI size between male (25 pts) and female (5 pts) patients. Mean defect size in males was 32.96 ± 13.32%, while in females, the mean size was 28.80 ± 10.33% (p = 0.517). There was also no statistically significant differences in MI size related to age (p = 0.23).
In the study population, we found that mean defect size by MPI remained unaffected by any of the cardiovascular risk factors (DM, HTN, dyslipidemia, smoking nor family history for CAD) with no statistically significant differences in MI size between patients with or without cardiovascular risk factors.
Regarding the traditional echocardiographic indices (EF, ESVI, and WMSI), we found WMSI showing the most significant proportional correlation to myocardial infarction size by MPI with p = 0.000 and r = 0.64 (Fig. 2) . EF also showed a statistically significant inverse correlation to infarction size (p = 0.04 and r = À0.37), (Fig. 3) while ESVI had no statistically significant correlation to infarction size (p = 0.4 and r = 0.16). Avg GLS showed statistically significant inverse correlation with myocardial infarction size by MPI (p = 0.035 and r = 0.386), (Fig. 4) With the receiver operating characteristic curve, the cut-off point for GLPSS, defining large myocardial infarction size (P30% of LV mass), was À11.5% with 93% sensitivity and 67% specificity (AUC = 0.8), (Fig. 5) . The segmental GLS from apical 4,2, and 3 chamber views showed no statistically significant correlation with myocardial infarction size by MPI (with p value 0.28, 0.09, and 0.14, respectively and r 0.2, 0.3, and 0.3, respectively).
Statistically significant proportional correlation was also found between Avg GLS and EF (p = 0.01 and r = 0.35), (Fig. 6 ) while statistically significant inverse correlation was found between Avg GLS and WMSI (p = 0.04 and r = 0.507), (Fig. 7) there was no statistically significant correlation between Avg GLS and ESVI (p = 0.08 and r = 0.33).
Statistically significant inverse correlation was found between WMSI and EF (p = 0.000 and r = À0.678), (Fig. 8) .
GLPSS remained unaffected by any of the cardiovascular risk factors except for diabetes mellitus; Avg GLS in diabetic patients was À9 ± 2.29%, while in non-diabetics, it was À11.24 ± 2.58% (p = 0.03).
Discussion
Despite early revascularization in acute myocardial infarction (MI), substantial damage of myocardium in the area supplied by the occluded artery cannot be avoided in some patients. According to previous studies, 25-33% of patients develop significant left ventricle (LV) remodeling and 11.5-22% develop major adverse cardiac events (cardiac death, recurrent MI, or culprit lesion revascularization) in long-term follow-up. The final size of infarction is also directly connected to the risk of complications such as life-threatening arrhythmias or hospitalization because of heart failure.
In the present study, we assessed the global longitudinal peak systolic strain (GLPSS) by STE in patients who developed STEMI in first 24 h after primary PCI. For this purpose, we used GLPSS for estimating the myocardial infarction size (IS) and correlating it with traditional echocardiographic indices, including left ventricular ejection fraction (LVEF), wall motion score index (WMSI), and end-systolic volume index (ESVI), taking MPI as reference. We found a significant decrease in the global and segmental peak systolic longitudinal strain in patients with STEMI with Avg GLPSS of À10.57 ± 2.67% (normal range: À18 to À22%).
No difference was found between patients with anterior myocardial infarction and those with inferior or inferolateral or posterolateral infarction in terms of the global or segmental peak systolic longitudinal strain; Avg GLS (patients with anterior infarction: À9.8 ± 1.87% vs. patients with inferior infarction: À11.33 ± 4.1%, while patients with inferolateral and posterolateral myocardial infarction: À11.8 ± 2.92%).
These findings suggest that myocardial infarction site does not affect the analysis of peak systolic longitudinal strain by 2D speckle tracking echocardiography. Moreover, we found global peak systolic longitudinal strain displaying an excellent inverse correlations with infarct size by MPI (p = 0.03 and r = 0.386). With the receiver operating characteristic curve, the cut-off point for GLPSS, which defined large myocardial infarction size (P30% of LV mass), was À11.5% with 93% sensitivity and 67% specificity (AOC = 0.8).
Our results are in agreement with the findings by Andersen et al. (2010) [6] , who assessed the utility of speckle tracking global longitudinal systolic strain (GLS) and compared with traditional echocardiographic indices, including left ventricular ejection fraction (LVEF), wall motion score index (WMSI), and end-systolic volume index (ESVI), in estimating the infarct size (IS) following a ST-elevation myocardial infarction (STEMI). In their study consisting of 227 patients with STEMI, echocardiograms were measured on day one and day 30, while myocardial perfusion imaging (MPI) was taken only at day 30 for assessing IS. To estimate the resultant day 30 IS 1 day after a STEMI, GLS was more precise than LVEF (RSD: 0.91, p = 0.014) and ESVI (RSD: 0.88, p = 0.002) and comparable with WMSI (RSD 0.99, p = 0.86). The authors concluded that on day one after revascularization for STEMI, GLS contained additional information about final IS than standard echocardiographic systolic function indices.
Marek et al. (2013) [7] assessed the predictive value of STE for the evaluation of infarct size in 39 patients with anterior STEMI; all patients were treated with a primary PCI. On the day of discharge, STE was performed to determine the average GLS of 16 myocardial segments, and GLS or nine segments supplied by LAD was assessed separately. They measured infarct size three months after STEMI by MRI and found a significant correlation between GLS and the degree of myocardium injury (r = 0.62, p = 0.001). The correlation was higher for anterior wall global longitudinal strain (r = 0.68, p = 0.001). The cut-off point for GLS was calculated (À12.3), which defined a large infarct with 82% sensitivity and 87% specificity. Our findings are in accordance with this study.
BentheSjøli et al. (2008) [8] investigated the ability of strain by doppler and by 2D STE in the acute phase in 36 patients with STEMI for diagnosing LV infarct size. The objective of their study was to calculate the appropriate time for measuring strain during acardiac cycle strain, and the authors found that on a segmental level, circumferential strain separated transmural from subendocardial necrosis better than longitudinal strain. They concluded that LV global peak systolic speckle strain should be the preferred method for predicting final LV infarct size.
Our results are also in agreement with the findings by Donal et al. (2014) [9] , who assessed the value of speckle tracking imaging performed early after a first STEMI in 44 patients to predict infarct size and functional recovery at three-month follow-up. The authors found that infarct size significantly correlated with GLS (r = 0.601, p < 0.001) and longitudinal strain was >À6.0%, within the infarcted area exhibiting 96% specificity and 61% sensitivity for predicting the persistence of akinesia (Pthree segments) at three-month follow-up. Furthermore, we found WMSI showing the most significant correlation with myocardial infarction size by MPI (p = 0.000 and r = 0.64). While EF had statistically significant correlation to infarction size (p = 0.04 and r = À0.37), ESVI had no statistically significant correlation to infarction size (p = 0.4 and r = 0.16). These findings are in agreement with results obtained by Gjesdal et al. (2007) [10] . They examined whether peak systolic longitudinal strain values measured by 2D-STE could identify areas of MI as determined by CE MRI in 38 patients (nine months after a first MI). The authors found that strain value of À15% identified infarction with 83% sensitivity and 93% specificity at the global level, while a strain value of À13% identified transmural infarction with 80% sensitivity and 83% specificity at the segmental level. Global infarct mass correlates with the WMSI (r = 0.70, p < 0.001), and LVEF measured by MRI or echocardiography (r = À0.71).
Martin Hutyra et al. (2013) [11] compared STE derived systolic longitudinal strain (SL Smax ) with rest SPECT perfusion imaging (Q REST ) and defined the optimal cut-offs for SL Smax to discriminate transmural scar on ceCMR. They studied 100 patients with chronic ischemic LV dysfunction in whom myocardial viability was assessed using STE and rest SPECT to predict LV segmental relative extent of delayed enhancement (DE) >75% on ceCMR. They found that in comparison with rest myocardial SPECT perfusion imaging, STE is more accurate in predicting non-viable myocardium optimal cutoff À5.3% identified segments with DE > 75% on ceCMR (sensitivity 83.1%, specificity 84.6%).
In the present study, we also found a statistically significant correlation between Avg GLS and EF (p = 0.01 and r = 0.3) and between Avg GLS and WMSI (p = 0.04 and r = 0.507). These findings are in accordance with the findings by Cimino et al. (2013) [12] , who assessed the global and regional longitudinal strain (GLS-RLS) by 2D-STE in 20 STEMI patients and tested whether they could identify early myocardial dysfunction and transmural extent of myocardial scar. The authors found that GLS showed a significant correlation with both LVEF and WMSI by CMR and by 2D-echo. RLS was significantly lower in DE-segments when compared with normal myocardium (p < 0.0001). A cut-off value of RLS of -12.3% identified DE-segments (sensitivity 82%, specificity 78%), whereas a cut-off value of -11.5% identified transmural extent of DE (sensitivity 75%, specificity 78%). They concluded that RLS and GLS evaluation provides an accurate assessment of global myocardial function and of the presence of segments with transmural extent of necrosis, with several potential clinical implications. Our findings are also in agreement with Nisha et al. (2011) [13] who compared GLS with different non-invasive imaging modalities for the assessment of LV function in 163 STEMI patients. They compared GLS with EF determined by MRI, standard echo, contrast echo, SPECT as well as with MRI-determined relative infarct size and echodetermined WMSI. They found that global strain is associated well with EF measured by all modalities. Global strain was found to be the best predictor of low EF measured by the gold standard MRI. Since global strain is an inexpensive test, these data might be of health economic interest. In our study, we found that the segmental GLS from apical 4,2 and 3 chamber views showed no statistically significant correlation with myocardial infarction size by MPI (p = 0.28, 0.09, and 0.14, respectively and r = 0.2, 0.3, and 0.3 respectively).
These findings do not match with the results reported by Vartdal et al. (2007) [14] . They investigated whether strain Doppler echocardiography performed immediately after revascularization by PCI in patients with STEMI could predict the extent of myocardial scar, determined by ce-MRI. The authors found correlation between the global strain and total infarct size (r = 0.77, p < 0.00001). Furthermore, a clear inverse relationship was found between the segmental strain and the transmural extent of infarction in each segment (r = 0.67, p < 0.0001).
The value of STE in predicting the all-cause mortality was assessed by Antoni et al. (2010) [15] in a large group of patients with acute STEMI, and a higher prognostic value of GLS than LVEF or WMSI was found in the long-term follow-up.
Conclusions
The novel global peak systolic longitudinal strain by 2D STE performed within 24 h after reperfusion therapy in STEMI patients is a valuable predictor of the total extent of myocardial infarction; therefore, it may be considered an important clinical tool for risk stratification in the acute phase of myocardial infarction. The cut-off point for GLPSS which defined large myocardial infarction size (P30% of LV mass) was À11.5% with 93% sensitivity and 67% specificity (AUC = 0.8). Assessment of infarction size by echocardiography on day one after primary PCI was superior with GLS and WMSI compared with LVEF and ESVI. Since global strain is an inexpensive test, our data may be of health economic interest.
